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An experimental vaccine consisting of five DNA plasmids expressing different combinations and forms of 
simian immunodeficiency virus-macaque (SlVrnac) proteins has been evaluated for the ability to protect 
against a highly pathogenic undoned SrVmac251 challenge. One vaccine plasmid encoded tionreplicating 
SlVmac239 virus particles. The other four plasmids encoded secreted forms of the envelope glycoproteins of 
two T-cell-trOpic relatives (SIVmac239 and SIVmac251) and one monocyte/macrophage-tropic relative (SIV- 
mac316) of the uncloned challenge virus. Rhesus macaques were inoculated with DNA at 1 and 3, 11 and 13, 
and 21 and 23 weeks. Four macaques were inoculated intravenously, intramuscularly, and by gene gun 
inoculations. Three received only gene gun inoculations. Two control monkeys were Inoculated with control 
plasmids by all three routes of inoculation. Neutralizing antibody titers of 1:216 to 1:768 were present in all of 
the vaccinated monkeys after the second cluster of inoculations. These titers were transient, were not boosted 
by the third cluster of inoculations, and had fallen to 1:24 to 1;72 by tbfr rime of challenge. Cytotoxic T-cell 
activity for Env was also raised in all of the vaccinated animals. The temporal appearance of cytotoxic T cells 
was similar to that of antibody. However, while antibody responses fell wi>h time, cytotoxic T-ceH responses 
persisted. The SrVmac251 challenge was administered intravenously at 2 *ueks following the last immuniza- 
tion. The DNA immunizations did not prevent infection or protect against CD4 + cell loss. Long-term chronic 
levels of infection were similar in the vaccinated and control animals, with 1 in 10,000 to 1 in 100,000 peripheral 
blood cells carrying infectious virus. However, viral loads were reduced to the chronic level over a shorter 
period of time in the vaccinated groups (6 weeks) than in the control group (12 weeks). Thus, the DNA vaccine 
raised both neutralizing antibody and cytotoxic T-lymphocyte responses and provided some attenuation of the 
acute phase of infection, but it did not prevent the loss of CD4* cells. 



The human immunodeficiency virus (HIV) has proved to be 
difficult to vaccinate against (5). One central problem in HIV 
vaccine development is the antigenic diversity of patient iso- 
lates (32)- A second central problem is the poor ability of 
postinfection immune responses to protect against the slow but 
inexorable development of AIDS. A successful vaccine will 
need to prevent a broad spectrum of serologically distinct 
viruses from establishing a foothold infection. To achieve this, 
the vaccine may be required to maintain high levels of coming 
uou$ly active immune responses that are capable of controlling 
a diversity of HIV type 1 (HJV-1) isoJates. 

Primate, models for immunodeficiency virus vaccine trials 
use HIVs (HIV-l and HIV-2), simian immunodeficiency vi- 
ruses (SIVs) (such as SIVmac, SIVmne, and SIVsm) (25), and 
hybrids of SIVs and HIVs (SHIVs) (35, 58, 61). Challenge 
infections with these viruses range from avirulent to highly 
virulent. In avirulent challenges, such as HIV-l in chimpan- 
zees, HIV-2 in macaques, or SHIVs in macaques, most in- 
fecied primates naturally control the infection and do not 
develop disease. In these benign models protective immuniza- 
tion has been achieved with recombinant vectors, envelope 
subunits, and even envelope peptides (for examples, see refer- 
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ences 21, 51, 52, and 60), In models of intermediate virulence, 
such as SIVmne infections in pig-tailed macaques, animals 
develop disease but only after a latency period of at least 1 
year. In these intermediate models the combination of re-. >nv 
binam vaccinia virus vectors plus subunit boosts has beci: re- 
quired for protection (26, 27). In yet more pathogenic models, 
such as molecularly cloned SIVmac239 or uncloned SJ.V- 
mac251 infections in rhesus macaques, substantial numbers of 
test animals develop AIDS during the first year of infection. In 
these highly pathogenic models only live attenuated infections 
have generated protective immunity (2, 11)- Thus, the success 
of different vaccine approaches has depended on the virulence 
of the challenge infection. 

No common correlate for protection has been identified in 
the various vaccine trials. Neutralizing antibody has been a 
correlate for protection for neutralization-susceptible < ' vii- 
lenges, such as those with HIV-MIlb Env proteins (4, 2], : Qh 
but not for "difficult-to-neutralize" viruses, such as uncloned 
SIVmac251 or molecularly cloned SIVrnac239 (12, 19, 30, 42). 
Cytotoxic T lymphocytes (CTL) appear to contribute to pro- 
tection. This is suggested by the observation that the combi- 
nation of internal viral proteins and envelope glycoproteins is 
more effective than envelope glycoproteins alone at raising 
protection (27, 73). The nature of the protective responses 
raised by live attenuated infections is not clear- For a neutral- 
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FIG. 1. Vaccine inserts. (A) SIV239 provirai DNA: (B) vaccine inserts. SIV239 open reading frames are indicated as open rectangles, closed or defective reading 
frames arc indicated as dotted rectangles, and the tissue plasminogen activator (tPA)-Hke-leader is indicated as a filled rectangle, Restriction sites used for the 
construction of the SlV239dpoI insert arc indicated. For the constructs expressing secreted forms of Env, the amino acid sequences at the junctions of the tPA-like 
leader and introduced stop codons are indicated. The SIV239.dpol insert expressed in pCMV/BC12. The Env inserts were expressed in pJW4303. See Materials 
and Methods for details. VTK long lerminal repeat. 



ization-susceptible challenge (SIVsmB670), protection has 
correlated with the raising of neutralizing antibody (8), For 
difficult-to-neutralize viruses, protection has required active 
replication of the vaccine virus, with the extent of protection 
correlating with the level of vaccine replication (36, 39). Thus, 
protection by live attenuated vaccines may involve suppressive 
; effects raised by chronic immunodeficiency virus infections in 
addition to antibody and CTL responses. 

Recently, a new approach to vaccination has opened up with 
the demonstration that antigen-expressing plasmid DNAs can 
raise protective immunity (9, 14, 18, 38, 56, 63, 69, 71). This 
novel method of vaccination elicits both cellular and humoral 
immunity. Furthermore, DNA-mediated immune responses 
have shown the long-lived effector activity (41, 55, 62, 72) 
which may be essential io an AIDS vaccine. 

Relatively limited work has been done using DNA to raise 
immune responses to immunodeficiency viruses. In murine 
: models, plasmids expressing the HIV-1 envelope glycoprotein 
(Env) have raised both neutralizing antibody and CTL re- 
sponses (17, 37, 68). DNA inoculations in macaques have also 
raised antibody to HIV-1 Env (66). and have achieved some 
reduction in postchalJenge load with a SH1V challenge (67). 



In this study we have undertaken an initial evaluation of the 
ability of DNA-exprcssed antigens to protect against an immu- 
nodeficiency virus challenge. The highly virulent uncloned 
SIVmac251-rhesus macaque model was chosen for the trial io 
test whether DNA could achieve the protection provided by a 
live attenuated vaccine (11). The uncloned SIVmac251 chal- 
lenge virus is a difficult-to-neutralize stock that causes >50% 
incidence of AIDS during the first year of infection. 



MATERIALS AND METHODS 

Vaccine DNAs. The pSlV239.dpoI vaccine DNA was created by cloning the 
SiV239.dpo) insert into the pBCl2/CMV expression vector. pBCl^CMV uses 
approximately 750 bp from the cytomegalovirus immediate-early promoter to 
drive transcription and sequences from the rat preproinsuiin II gene to provide 
a 3' imrcn and polyadcnylation signal (10). The SrV239.dpol in$«rt (Fig. 1) was 
generated from two separate plasmids representing the 5'(p239SpSp5') and 
3'(p239SpE3') halves of a 239 proving with a premature stop codon in n£f{\\, 
3J), The 5' half was rendered .pol defective by deletion of a 754-bp BstEII 
fragment (bp 3571 to *325), This deletion removed 251 codons in pol and 
introduced a stop codon at the religated BsiSU site. Atari was used to truncate 
long terminal repeat sequence} in the 5' proviral piece, and Sml wfi$ used to 
truncate lone terminal repeat sequences in the 3' piece. AMirl-to-SpM fragment 
of the/)o/-defeaive 5' proviral fragment, an Sphl-io^Stul fragment of the 3' half, 
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and y blunled BclmHUn-Hiimil foment of pBC12/CM V were ligmctj together 
to produce p51V239.dpol. 

The 01 her four vyecjnc plasmids were constructed by cloning PCR-amptificd 
fragments of SIV e;m sequences (Fig. 1) into lhc pJW4303 expression vector. 
pJW43Q3 is modeled on vectors described by Chapman ct al. (7). li uses approx- 
imately 1.600 nucleotide* from lhc cyt omega lovirus imrr*ediatc-c;irly promoter 
(nucleotides 45S to 2003; CcnBtink sccc^ion number M60231) to drive tran- 
scription and sequences from the bovine growth hormone (nucleotides 2148 to 
2325; GenBank accession number M 57 764) to provide a polyedcnylaiion signal. 
"Hie vector includes a synthetic mimic of the tissue plasminogen activator lender 
sequence (ATGGATGCAATGAAGAGAGGGCTCTCCTGTGTGCTGCT 
GCTGTGTGGAGCAGTCn'CGTTTCGi2CIe\Q£) lhat can be placed in 
frame wlih expressed proteins by using in Nhtl site (underlined in the sequence). 
Templates used for PCR amplifications included p239SpE3' (S1V239), 
pAbT4593 (SIV251), and pL/239e7V-3 (SIV316) (31, 48). The 5' PCR primer 
was designed to clone em* fragment;; in frame with the (issue plasminogen 
aeiivator leader by using Lhe Nhc I sUc.Thc 3' primers were designed to introduce 
Stop codons for the production of secreted gpllO (sgpllO) or gpl30 (sgp!30) 
forms of Env ajid to facilitate cloning into the BamHl site of pJ W43 03. The 5' 
primer used for construclions was japer!9 (GTCGCTCCAAGCTT££Xc\G£ 
CAATATGTCACAGTCTTTTATGG) (the Nhel site is underlined). The 3' 
primer for sgpllO was hkpcr2 (CCCGfifiAlCciaTGCGGGCGCCAGGC 
CAATCGGAGTGATCTCTACTAATTT). and that for 5gpJ30 was jw8 (CGfi 
QAECct bTG CG GG CG CCAG GTCaAACCAATTGCC ) (the BemHl site is un- 
derlined and the stop codon is in lowercase in the primer sequences). Amplifi- 
cation was can-fed out in a lOQ^u.1 reaction mixture with 2 u.g of purified plasmid. 
30 pmol of each primer, and 200 u.M deoxynucleoside triphosphates. Five cycles 
of amplification were used with 10 U or cloned Pfii polymerase in the buffer 
provided by the manufacturer (Slratagcne, La Jotla, Calif.). Each cycle consisted 
of W*C for 45 s, 5G*C for 60 s, and ~2K for i2(l s. Samples "were ethaool 
precipitated, gel purified, digested wiih Mid and BatnHL and ligatcd imo/WreJ* 
and limKl-digested pJW4303. Control plasmid DNAs consisted of pBC)2/ 
CMV (pCMV/comrol) and pJW4303 without inserts* Vaccine and control plas- 
midswere grown in the HB10I strain of Escherichia call and purified twice on 
cesium chloride densiry gradients by standard protocols. 

Expression of vaccine DNAs. In viiro expression of vaccine DNAs whs tested 
by protein blot Hnalyscs of transiently transected COS cells. Purified plasmid 
DNAs were transfected into COS cells with ? Gene Pulser (Bio-Rad. Hercules, 
Calif.) at 960 u,F and 250 V. Two days later, cells were lyscd with 10 mM Tris 
buffer containing 1% Triton X-100, and cell debris were removed by microcen- 
trifugation at 12,000 rpm for 3 h at d 6 C- Aliquots of cell Ivsatcs were diluted 1;I 
in 2x sample buffer (0-325 M Tris-HCl. sodium dodecyl sulfate fSDS). )0%' 
2-mercftpioethanol, 2Q% glycerol; pH 6.8]. boiled for 2 min, cooled, and loaded 
onto a 10% polyacrylamide gel for SDS-polyacryl amide gel electrophoresis. 
After electrophoresis* proteins were elcctrotransfcrrtd io an Immobilon polyvi- 
nyiidene difiuoride membrane (MiHiporc, Bedford, Mass.). The membrane was 
blocked with $%- nonfat dried milk in 20 mM Tris buffer (pH 7,5) and then 
incubated with SJV-infected monkey sera (1:300 dilution in Tris buffer). Finally, 
the membrane was incubated with 5 u.Ci of |25 I -protein G in 0,5% milk-Tris 
buffer for \ h. washed with Tris buffer, air dried, and subjected to autoradiO' 
graphy. 

COS cells transfected with pSIV239.dpol or pCMV/controJ were examined for 
the production of virus-like particles by electron microscopy. At 46 h posttranv 
feci ion, cells were removed from plates with TEN buffer (40 mM Tris, 1 mM 
EDTA. 150 mM NaCl, pH 7,5), pelleted in a microcentrifuge tube, and fixed in 
\% glutaraldehydc Cells were prepared for thin-section electron microscopy by 
using osmium letroxide (70). 

Monkeys. Six young aduh female and ihree young adult male rhesus monkeys 
{Macaco mulatto), which were negative for antibodies to SJV, simian retrovirus 
D, simian T-cell leukemia virus type 1. and herpes simplex virus type 1, were 
randomly assigned to two vaccine groups and one control group. The animals 
were individually housed and cared for at T5I Mason Inc. (Worcester, Mass.) 
according to approved standard operating procedures, Animals were tranquil- 
izer for inoculations and blood collections by using ketamine-HCJ (10 mg/kg) as 
needed, Cagesidc observations were performed twice daily throughout the trial. 
Physical examinations, including a record of genera) condition, body weight, 
rectal body temperature, and heart raic. were performed at the initiation of the 
experiment, at weeks 11, 21, and 25 prior to virus challenge, and monthly after 
challenge. 

Saline and gene pun inoculations of Saline injections consisted of 500 u.g 
of each DNA dissolved in 0.5 ml of saline. Intravenous inoculations were ad- 
ministered by mixing ajl of the DNAs to be delivered {05 ml per DNA) and 
performing a single injection into the brachial vein, Intramuscular injecu'ons 
delivered 0.25 ml of each DNA in u .ncparmc rtitc in each quadriceps. Each gene 
gun inoculation consisted of \M nig of I- to 3-u.m-dianictcr gold bcRds that had 
been coated with 7.2 u,g of DNA by precipitation of the DNA onto beads io the 
presence of Spermidine ond Ca 2r (16). Gene gun inoculations were administered 
io areas of the abdominal skin (ea, 10 hy 15 cm) and areas of skin on the inner 
thigh (ca. 5 by 10 cm). Target areas were prepared by shaving and then removing 
stubble with the depilatory agent Noir (Carter Products. New York. N,Y.). A 
handheld electric-discharge Acccll panicle bombardment device (Agrpcetus 
Inc.. Middleton. Wis.) was used for gene gun inoculations. Histologic analyses of 



liftuc from target nrcus revealed the highest density of beads in the epidermal 
layer of the skin, 

Virus challenge Challenge was hy intravenous inoculation into the brachial 
vein of 10 monkey infectious doses, in 1 ml or tiwuc culture medium, of uncloned 
SIVmac25I grown in monkey peripheral blood mononuclear cells (PBMC) (34). 

Assoy* Tor neutralizing antibody with the neutralization-susceptible stock. 
Neutralising antibodies to SlVmnc251 and SIVsmB&70 were measured in a 
virus-induced cell-killing assay performed in 96-wcll mtcrodilution plates as de- 
scribed previously (45). except that CGMxl74 cells were used as target* for 
infection. Briefly, 1 00 50% tissue culture infective doses of virus was incub ited 
with various dilutions of sera for 30 min at 37°C before the addition of <$n 5l 
Neutralisation was quantified by staining viable cells with neutral red. Neutral 
ted uptake measured byA P * n U linear from 0 25 to 1.6. corresponding to 3,3 x 
)0 4 to 15 X 10 s viable cells per well (45). Percent protection was calculated by 
the difference in^,, between test wells (cells plus serum sample plus virus) and 
virus control wells (cells plus virus) divided by the difference in/4 3JO between cell 
control wells (cells only) and virus control wells. Assay mbnures were harvested 
when the cytopaihic effect in virus control wells was greater than 70% but less 
than 100%. Neutralising titers were defined as the reciprocal of the scrum 
dilution thBl protected 50% of cells from virus-induced killing. The 50% tissue 
culture infective dose was calculated as described previously (45). 

Neutralization-susceptible stock. SIVmac251 and $IVsmB670 stocks for neu- 
tralization assays were harvested from cultures of acutely infected H9 cells, 
Stocks were clarified by low-speed ccturifugatioo arid filtration through 0,45-tm- 
porc-size ceUulo$e*aceute filters (Milliporc) and stored at — 70°C untij used. *■ ; it 
Stocks of SIVmac251 and SlVsm067O used to determine titers of neutrali. :ng 
antibodies are sensitive to neutralization in several assays (29, 54). 

Assays Tor neutralizing antibody with the challenge stock. Neutralization of 
the challenge s'ock was tested on human, PBMC and CEMxl74 cells. Neutral- 
ization of SIV in human PBMC was measured essentially as described previously 
for HIV-1 (43). Briefly, cell-free virus (10 to 20 ng of p27 per ml) was incubated 
with diluted test plasmas at 37*C for ] h in triplicate wells of 96-weIl U'bOEiora 
plates before addition of CEMx374 cells or phy t oh em aggluu^in -stimulated 
PBMC (10 5 cells in 50 *U added per well). Heat-inaciivated plasmas were eval- 
uated at a 1:30 dilution by incubating 50 uJ of virus with )00 m-1 of plasma that had 
been diluted 1:20 in growth medium. An additional six wells containing no test 
sample (control wells) were included to derermine the kinetics of virus replica- 
tion in the absence of neutralizing antibodies, The plates were incubated for 3 h 
at 37 fl C, after which the cells were washed extensively with growth mediurr 
remove the virus inoculum and test serum. Cel) suspensions (25 u.1) were 
lectcd every day beginning on day 2 and miaed with 225 u.1 of 0,5% Triton X-I . 
and virus production was quantified by p27 immunoassay as described by the 
supplier (Coulter rmmunology ( Hialeah. Fla.), Virus replication in control wells 
was linear from day 3 through day 8, during which time p27 production increased 
from approximately 1 to 25 oij/ml. Virus production in test wells was measured 
ai a time when production in control wells was in the range of 8 to 10 ng of p27 
per ml. We have found that measurements of neutralization made during this 
stage of vjrus replication jn control wells provide a high level of sensitivity and 
reproducibility to the assay. A positive score in this assay is ^909fe reduction of 
pT7 CA production. These assays are more sensitive for the scoring of neutral- 
isation ihdn the assay used for neutralization-susceptible stocks. 

Growth of challenge stock for neutra ligation assays. Uncloned S r Vmac251 
was obtained as a frozen vial of rhesus PBMC-grown animal challenge stock that 
had been titrated in rhesus macaques (34). Virus taken from this vial was ;>-d 
directly to inoculate rhesus PBMC to generate an expanded single -passe *-J 
stock that was used for in vitro assays. Expansion was performed by incubates 
cells with cell -free virus for 1 day, removing the virus inoculum by a se/ies cf 
washes, and then incubating the cells In fresh growth medium. Culture fluids 
were collected every 2 days, passed through 0.45'^m -pore-size flUers, and stored 
at -70°C in 1-m) aliquots. A frozen aliquot from each time point was thawed : 
and SIV core antigen was quantified by p27 CA immunoassay (Coulter Immu- 
nology). Culture fluids that contained the highest virus p27 concentrations were 
used for neutra I ization assays. 

$rVirRc251 gpUO EUSA- SIVmac25l gp) 10-specific immunoglobulin G was 
measured by enzyme-linked immunosorbent assay (ELISA) with alkaline phos- 
pbatase'conjugated goat anti-monkey immunoglobulin G (whole molecules 
Sigma Chemjca) Company, St. Louis. Mo.) as described previously (54)* SIV- 
mac25J gpUO was a generous gift from Kashi Javaherian (Repligen Corporation. 
Cambridge, Mass.). Titers are reported as the reciprocal of the highest ser- n 
dilution giving an average A d(iS of greater than 0.1 and at least rwice that * a 
negative control serum from a normal, healthy, SlV*negstive rhesus macaqv-- 

Aj5ay fpr anti»Ct)4 antibodies. To test for anti-CD4 antibodies in monkey 
acra, uninfected CEM cells (2 * lOVml) were stained with a 1:10 dilution of the 
test scrum for 30 min at room temperature in 100 uJ of phosphate-buffered saline 
containing 0.1% bovine scrum albumin and 0-1 % sodium aside (PBS-BSA- 
NaA2). The cells were washed with PB$-8SA-NaAz and stained with 10 uJ of 
fluorescein isoihiocyanate-conjugaied anti-monkey immunoglobulin G (whole 
molecule; Organon-Tcknika-Cappcl, Durham, N.C.). The cells were washed a 
finol time and then suspended in 2 ml of PBS-BSA-NaAz. after which fluores- 
cence was measured who a Coulter XL MCL flow cytometer. Fluorescence 
intensities were determined relative to those of cells stained with only the second 
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FIG. 2. Expression of vaccine DNAs. Protein blot analyses of lysates (A) and culture medium (B) frout transiently transfecied COS cells are shown. Approximately 
J/5 of the cell lysate and 1/1 00 of the culture supernatant were loaded. Numbers above the lanes indicate the SlVmac isolate from which inserts were prepared (239, 
SIVmac239; 251. SlVmac25ir316. SIVmac316) and the expressed insert (l]G\ sgplfJO; 130, sgpl30; dpol, noninfectious panicles). CI and C2, lysates of COS cells 
transfected with a control vector without an insert. The positions of SIV Epv (gp]4fj, gpl30. and gpl 10) and CA (p27) proteins are indicated on the left. SIV proteins 
were detected by using serum from an SlV-infected macaque as the first antibody. For details, see Materials and Methods. 



antibody. Serum from a macaque immunized with human ccjj-grown SrV and 
containing high-tiier anticell antibodies was used as a positive control. 

C-ADE assay. CompJemeni -mediated, antibody-dependent enhancement (C* 
ADE) of SIVmac251 infection was measured by testing for virus production in 
MT-2 cells by a cross -reactive klV-1 p24 amigen capture EL1SA (44). C-ADE 
is given as the titer (last serum dilution to show enhancement), peak (serum 
dilution producing the greatest increase in p2& production), and power (p24 
production at the peak divided by p2* production in tb<= absence of test serum or 
complement). Measurements of the liter and peak utilize a minimum twofold 
increase in p2& production as a cutoff value. The neutralization stock of SIV- 
macZ51 (see above) was used for C-ADE assays. 

CTL as jays. Effector cells for CTL assays were fintigen-restimulated periph- 
eral blood lymphocytes (65). To prepare effector ceils, aliquois of 10 7 peripheral 
blood lymphocytes were placed in 12-wdl plates with 10 7 stimulator cells (see 
below). This cell mixture was cultured in 2 ml of RPM1 I6d0 medium containing 
20% fetal calf serum (Flow Laboratories, McLean, Va.). On day 3 of culture, 2 
ml of medium containing recombinant interfcukin-2 (40 U/ml) (provided by 
Hoffman-La Roche, Nutley, NJ.) was added to each culture^ At day 6 of culture, 
dead cells were removed by Hcoll-Paque density gradient centrifugation, and the 
viable cells were assayed for cytotoxic function. 

Stimulator cells were prepared by infecting B-lymphobUstoid cell lines with 
recombinant vaccinia virus expressing SlVmac gag or env or the irrelevant equine 
herpesvirus 1 $R gene at a multiplicity of infection of 10 for 12 h (65). Infected 
culrures were washed, and IO 7 viable cells were resuspended in 5 ml of 1.5% 
paraformaldehyde in PBS for 30 min at room temperature, pelleted, resus^ 
pended in 5 ml of 0.2 M glycine-PBS for 15 min at room temperature, and Lhcn 
maintained in fetal calf scrum at 4*C until used in culture. 

Effector cells were assayed for CTL activity on autologous B-lymphoblastoid 
target cells (65). Target cells were prepared by incubation for 16 h at 37*C in a 
5SE> C0 2 atmosphere wjrh both recombinant vaccinia vjrus expressing SlVmac 
gag or mv or the irrelevant equine herpesvirus 1 gH gene and 0.5 mCi of 
Na 2 Sl Cr0 4 (ICN. Irvine, Calif.) per ml. Effector cells were incubated with 51 Cr- 
labeled target cells for 5 h with enector-io-iarget cell ratios of 20:1, 10:1, 5:J, ?md 
3;L Specific release was calculated as [(expcrimenol release - spontaneous 
relea$e)/(100% release - spontaneous release}] X 100. Spontaneous release 
varied from 10 to 209&. 

PostchaMenge tests for infection. Postchallenge levels of antigenemia were 
determined by analysis of plasma by the Coulter p27 CA antigen capture ELJ5A. 
Posichallenge levels of infected PBMC were determined by limiting-dilution 
cocultivations. PBMC from 10 ml of whole blood were separated with FicolU 
Paque gradients, Twelve serial 1:3 dilutions of PBMC. beginning with 30 6 cells, 
M-ere cocultured in duplicate with ]fj* CEMxl74 cells per w C U in a 24-weJI plate 
in 1 ml Of RPMI 1$40 supplemented with 10% fetal bovine Scrum. After 3 to 4 
days of culture, 1 ml of medium was added to each well. The culture? were then 
split at 3- to 4-day imervals with an equaj volume of fresh medium. Supcrnatams 
were collected at 21 days and stored at -70'C. Supernatant samples were 
assayed for p27 antigen by the Coulter antigen capture EUSA. The virus load 
was calculated as the minimum number of monkey PBMC required to infect 50% 
of the cocuhurc wells. 

Test for CD4 T cells, CD4* cells were quantitated by fluorcscence-aeiivaied 
cell sorting 0 f OKT**a (Ortho Diagnostics. Raritan, NJ.)-stained PBMC These 
are scored as the percentage of the prcchallcnge level. The prcchallen^e levels of 
CD4* cells were established by averaging the results of analyses conducted with 
three independent harvests of cells from prechallcngc animals. 



RESULTS 

Vaccine DNAs and verification of expression. A mixture of 
plasmid DNAs was constructed for use in vaccination (Fig. 1). 
The first of these, pSIV239.dpol, was designed to express non- 
infectious SIVmac239 particles. The purpose of the SlV239.dpol 
DNA was to present a broad spectrum of SlVmac proteins. 
p$IV239,dpol was constructed from the same sequences as 
used for the construction of the Aie/-defective SIV239 virus, 
which had successfully protected against an uncloned SIV251 
challenge (11). Sequences from both LTRs as weJJ as se- 
quences from an internal region oipol were deleted to reduce 
the potential for the generation of a replication-competent 
retrovirus. 

Four vaccine plasmids were constructed to express envelope 
glycoproteins of two T-cell-tropic derivatives (SIVmac239 and 
SIVmac251) and one monocyte/macrophage-tropic derivative 
(SIVmac316) of the uncloned S2V251 challenge virus (6, 59), 
Three of rhese Env-expressing vaccine DNAs, designated 
SIV239.sgpl30, SIV251.sgpl30, and $IV316.sgpl3G\ expressed 
the entire extracellular domain of Env (Fig. IB). The fourth, 
SIV239.sgpllO f expressed the receptor binding subunit of Env 
(Fig. IB). The secreted envelope glycoproteins were expressed 
as fusion proteins with a synthetic tPA leader sequence. This 
allows Env expression in the absence of Rev (7). 

Verification of the expression of the vaccine DNAs was 
accomplished by analyses of transiently transfected COS cells 
(Fig. 2 and 3). Protein blots of pSiV239.dpol -transfected cells 
revealed the expression of several SIV proteins (Fig., 2A), 
Electron micrographs demonstrated the production of parti- 
cles by the SIV239.dpol insert (Fig. 3). Protein blots of cells 
transfecied with the Env^expressing DNAs revealed the ex* 
pected forms of Env in the culture medium as well as in the cell 
lysates (Fig. 2). Most of the glycoprotein expressed by the 
Sgpl30-expressing plasmids appeared to be present as an —130 
kDa band, suggesting that proteolytic cleavage of the sgpl30 
form of Env at the SU/TM boundary is inefficient in COS cells, 
SI V-specific proteins and virus-like particles were not observed 
in cells transiently transfected with control DNA 

Trial design. The trial consisted of two vaccine groups and 
one control group (Table 1). The first vaccine group was vac- 
cinated' by gene gun, intravenous, and intramuscular inocula- 
tions. The second vaccine group was inoculated by gene gun 
only. The control group received control plasmid DNAs with- 
out inserts by all three routes. Gene gun inoculations were 
used for all of the monkeys because gene gun delivery of DNA 
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U) the epidermis has proved to require rel:i Lively low doses Ol' 
DNA to raise responses (18» 4 9. 55. 69). Intramuscular and 
intravenous suEinc injections of DNA were used in one vaccine 
group to lc^t the abilities of these routes of inoculation to 



uugmcm responses raised by gun inoculation* of skin- because 
of ihe lower efficiency yf saline injections. larger amounts of 
UNA were used for intramuscular and intravenous inocula- 
tions than for the gun inoculations (18, 49, 55 ; 69). 

The DNA Inoculalion schedule consisted of three clusters of 
two inoculations each (spaced at 2 weeks) with intervening 
8-week rest periods (Fig. 4). Clustered inoculations were used 
bccauKu such inoculations can enhance antibody responses to 
low levels of administered proteins (15). In the first cluster of 
inoculations, tiie vaccine groups received S!V23 l J,dpoI DNA : 
SlV239,&gp1lO DNA, and SIV239^gp130 PNA. For the sec- 
ond and third clusters of inoculations, both vaccine groups 
received the three 239 DNAs plus gene gun-delivered 
SlV251.sgpI3U and SIV316.sgpl30 DNAs (Table 1), 

An Intravenous challenge with 10 animal infectious doses of 
uneloncd S1V251 was administered 2 weeks following the final 
DNA buosL This challenge lime was chosen because optimal 
antibody responses arc present at 2 weeks following immuni- 
zation with protein ifubunits (for examples, see references 3 
and 22). 

Antibody responses In DNA-vaccinated mucaques. Both 
BUS A responses nnd ncuirulizimt unl (bodies were raised in oM 
of ihe vaccinated monkeys (Fig. 5). I he lirsi cluster of DNA 
irtoailfilions nosed E2LISA responses in rwo of Ihe seven vac- 
cinated monkeys (one in oncb group). The second cluster ol 
inoculation!! w»fi followed hy EL1SA responses and neutraliz- 
ing activity in u)l of ihe monkeyfj. Similar tilers ol' neutralizing 
activity were rniflcd In the gene gun and multiple- route groups. 



TABLE 1. Summary of DNAfi administered lo different group* 



209,<tpol 250 cacn Intramuscular injections ut two iiitcs for each pi tumid Once ul wk 1,3, 1 1. 

239.fi(fpl2{l 13.21, and 23 
239.SZP140 

5U0 (j^ each Intravenous injection 

239.dpOl" 7.2 |jtg each Qcnc fcun in (wo ubdnmimil sites and one site in eweh 

239.sgpl20 diigh dir chcr plasmid 

239.sgpl4n 

WUgpUU 7.2 each Gene gun la two abdominal sites for each plasmid Once at wk U. 13, 

3lfi.sgpl*0 21, and 23 

239.dpof 7.2 p.g uHch Ocnc gun in two abdominal sites and one .Site in each Once at wk 1, 3. 1 1 . 

239,agpl20 ttiigh Tor each playmid 13, 21, and 23 

23U.3gpl40 

25 J .!ip^l4U 7.2 each Ocnc gun in two ubUominal sites for each plasmid Oncu at wk LI, 13. 

31Mgpl40 " 21. and 23 

pCMV/ 25(1 (pCMV/corUrul) and Intramuscular injections at two .situs (pCMV/conirel) Once at wk I, 3. 11. 

control 501) p.g (pJW4303) Of four sites (pJW4303) 13,21, and 23 

pJW43A3 

500 |jtg (pCMV/eontrol) and Intravenous injcciion of indicated plasmids 
U) mg (pJW4303) 

7.2 jig each Ocnc gun In two (pCMVAnwirol) and four fpJW4303) 
abdominal sites and in one (pCMV/comrol) and two 
(pJW4303) sites in cuch thigh 

nJWd303 7,2 iie each Gene gun in four ubdominal sites Once »t^V H, 13, 

21. and 23 



" Ounc gun ndminis;tr;ilmn i*( 2.1V.dH ontfLitcd ul' 4.tf w ( ,t dpol DNA <irtd 2,4 ^ of pCw DNA, 



Vol. 70, 19% 



Week h 1 " 1 - 1 



SIV DNA VACCINE 3983 

Challenge 

DNA Immunizations 25 
13 11 13 21 23 I 

n n' nl ,,,, 

I ' i i' ri ' "iiT I iiT i 'i'i ' "! ' " ! 

0 4 S 7 1.0. 14 1S 17 20 Z4 25 27 29 31 33 37 41 



CTL A AAA A & A fi 

Antibody A A A A A AAA A AAA 

, , f A u A A 

Co<ultivation 

FIG. 4. Dcfii&n of ihc DNA vkttinc viul. 



Anli-LiiY Ulllit>ndy rc*punra were truiiMcnL Willi the titers 
of hoth ELISA und neuLralizinf; activities foiling belwecn lhc 
second itnd Ihiul cluster* or ON A inoculations. The (hird dus- 
ter of inoculations boosted the HI .ISA liters to levels similar to 
those achieved after the second cluster of inoculations but 
failed to boost the neutralizing antibody titers, which contin- 
ued Icj foil. To test whether the falling titers of neutralizing 
antibudy reflected lhc appearance of anll-idtotypic antibody 
resembling the receptor binding site on Env, sera taken at 
weeks 14, 25, and 29 were tested for the ability to react with 
uninfected CD4 ' cclfo. These tests were negative (data not 
shown), suggesting that the loss of neutralising antibody was 
not caused by the appearance of antl-idiotypic antibody. The 
falling titers of neutralizing antibody also could not be attrib- 
uted to the raising of enhancing antibodies (which could ob- 
scure neutralizing activity), became enhancing antibodies do 
not score in the neutralization assay. 

The two control monkeys had low levels of EUSA activity 
for SIVmac251 gpl 10. which increased over lime (Fig. 5). Peak 
ELISA titers for one of the controls, 8R7, correlated with low 
levels of neutralization activity (Fig. 5). This may reflect a 
generalized and nonspecific activation of humoral responses by 
large amounts of plasmid DNA (approximately 18 mg per 
monkey in groups receiving DNA by three routes). 

Susceptibility of the challenge stock and an unrelated SIV 
(S£VsinB670) lo raised antibody. Peak titers of neutralizing 
antibody were tested for their ability to neutralize the uncloned 
5IVmac25i challenge (Tabic 2). These assays were conducted 
whh 1:30 dilutions of sera on CEMx 174 cells (a cell line that h 
favorable for the scoring of neutralizing activity) an well dfi on 
human PBMC Sera were compared with sera obtained from 
macaques chronically infected with uncloned SlVmac251, 
None of the sera had significant neutralizing activity in the 
assay on PBMC. The more sensitive assay on CEMxl74 cell* 
scored low levels of activity in most of the DNA-raised sera, A 
serum pool from chronically infected macaques also showed 
neutralizing activity in the assay on CEMx174 cells. 

The prechailengc- sera were also assayed for rhe ability to 
neutralize 5]VsmB670. Each of the tested sera showed good 
activity ugiiinst this unrelated immunodeficiency virus (Table 
2). In 7 of H vaccinated animals, the ratio of neutralizing ac- 
tivity for SIVsmB670 to that for $lVmuc25l wan higher thun 



Hud in scru pifolcd from 12 chronically infected macaques. 
Thirt suggests that the unc of multiple different envelope genes 
in the vaccine had raised neutralizing ncrrviry with good enras- 
reactiviiy for neutraUzation-ausceptihle stocks. 

CTL responses (n DNA-vaeclnated macaques. CTL re- 
sponscs to Env were raised in all of the monkeys receiving 
vuedne DNAs (Fig, 6). These responses were delected follow- 
ing antigen restimulation of peripheral Wood lymphocytes. 
Following lhc firsL duster of inoculations. anli-Gny CTL were 
present In three of the seven vaccinated monkeys. One of these 
was in the group receiving DNA by three routes of inoculation, 
and two were in the group receiving only gene gun inocula- 
tions. After the second cluster of peculations, all of the vac- 
cinated monkey* exhibited anti-Env CTL activity. The levels of 
CTL activity were not further increased by the third cluster. In 
contrast to the anli-Eov antibody responses, which fell with 
lime, the anli-Eov CTL responses were persistent (Fig. 5 and 6). 

Definitive CTL responses for Gag were seen in only two of 
the vaccinated animals (Fig, 6). Both of these monkeys were in 
the group receiving multiple routes of DNA Inoculation. One 
monkey (U4) had high CTL responses to Gag following lhc 
first cluster of inoculations. This was the same monkey that had 
high antibody responses following the first cluster of inocula- 
tions (Fig. 5). 

The CTL activity for Env and Gag was both CDS lymphocyte 
mediated and major histocompatibility complex restricted 
(74), Monkeys receiving control DNA did not have ami-F.m- or 
anti-Gag cytolytic activity (Fig, 6), 

Postcholfenge levels of Infection- Challenged animals were 
tested for protection against infection by examining antigen- 
emia at I weeks postchallengc. The vaccinated animals bad 4- 
to 100-times-lower levels of CA in their plasma than the con- 
trol animal?, with three of the vaccinated animals scoring be- 
low the lowest point on the standard curve (Fig. 7). The de- 
tection of CA in the vaccinated animals indicated that the 
vaccine had not prevented infection. The low levels of CA in 
the vaccinated animals could have reflected early control of the 
infection by the vaccine and/or interference of vaccine-induced 
antl-CA antibody with the antigen capture ELISA. 

To more nceuruvely evaluate levels of infection, PBMC from 
the challenged animals were tested for the frequency of in- 
fected cells in a limiting-dilution cocultivation assay (Table 3). 
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Week Week 

.1. Tcmpurnl nntihmty rPiponxo* in vwxinu an J control flroup*. I .eft panel*. ELISA ttiitibvd)' /or SIVidbc251 jjpl Mh right panels, neutralizing antibody for thv 
nuulrttlizAiinn wock of SlVin;ic23l. The time* or DNA admini*trati»n arc indicated ny vertical arrows al the top <>r the schematic, Test groups: ifti, iv, gun, group 
receiving iiTtrarmj.iculiir, intmwnttti*. and c« n <5 fil> n inocwlatiims nf vwci»c DNAxi gun. gniup fuwlvin^ only gene $un inroilmion« *jf ON A: control, gruup recefvlnji 
Cutuml pb-mid UNA* hy intramuscular. iniritVcnuus, *nd ^enc gun inoculuriuru, Symbols for the individual mnnkcyx drc given 3! the right. A$s«y* for ELISA RntlboU\ 
wore wn u*i 1:50 dill/lions of tusl scr.i (O.D., optical density). Ncumilmqjt liters uru iftB reciprocals oF tht h^hciit dilulinns nr s V r« giving nwtntfizJltton of 100 50^/ 
liwut rtttturc Infective (hues of iKc ncuir;ili/a»lc stuck of 3IVZ51 on CEMxl7«l cells. For more dctuik atu MMeriah und Methods. 



At 2 weeks postchullcngc, these u**uys revc-atcd similar fre- 
quencies of infected PBMC in tht; vaccinated and control an- 
imals. I Iowever, 4 weeks postchallcnge, all of the vaccina led 
animals had lower vjral loads lhan al 2 weeks pastchallenge, 
whereas only one of the two control animals had reduced m 
viral load. Again, nt 6 weelcs postchqUenge, of Lhe vacci- 
nated animals bad still lower levels of infected lymphocytes, 
while only one of the Iwo control Animals ha J decreased iU 



level of Infected PBMC. Al Ihi* lime, the overall difference in 
the levels of infected PBMC in the vaccine and control groups 
way nhout fivefold. Thus, ihc vaccination appeared to achieve 
some acceleration tn the reduction of viral loads. The kinetics 
of this reduction were similar in both of the vaccinated groups. 

Despite the early reduction* in vjral load, the vaccinated 
unimels did not clear their infections. Furthermore, with time, 
the control group achieved reductions in viral load similar tn 
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TABI.P. 2, Neutralizing uctiviiic.i nf peak lifers ttf ONA-ralsed sera for SlVmnc25l ( SIVsmO(»7n. und the 

uncloncO SIVmm-251 chullongo stock* 
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those seen in the vaccinated macaques (Table 3, week 12). 
Thus, the DNA vaccination did not allow ihe vaccinated ;*ni- 
maLs lo achieve viral loads lower than those achieve*! by postin- 
fection responses in (he control animals. 

Antibody response* at ( nuinlh postchsdlenge. Despite the 
failure oF the laM clusLer of DNA inoculations lo bousl neu- 
tralizing activity (Fig. 5), the challenge infection raised high 
liters of ncutrtd king antibody. At I month postchallengc. these 
titers in the vaccinated groups were similar to or slightly higher 
Than those in the control group (Table 4). 

Interestingly, each of the vaccinated animals also had high 
tilers of neutralizing activity for SJV.smB67U (Tabic 4), These 
dtera were 1 to 27 times higher thon the (iters fnT SI VmacZS L 
In contrast, the control animals hud similar or lower levels of 
neutralizing activity for SJ VsmB670 (Table 4: sec also Table 2). 
This; is in agreement with the vaccinal inn regimen having 
primed a neutralizing response broader tlum thai present in 
most naturally infected animals, 

Poatchtillengc titers of ELISA antibody tor Env were much 
higher (— 100 limes) in the vaccinated groups than in the con- 
tiol group (Table 4), This difference presumably reflects the 
vgecinc having primed nonneotralizing us well as neutralizing 
antibodies for Env. 

Complement dependent antibody enhancement- Comple- 
ment-dependent enhancing antibodies could he detected in the 
sera of the vaccinated animals preehallengc and lo the sera of 
the vaccinated and control animals postchaliengc (Table 5), 
On the day of challenge, both of the vaccinated group* had 
similar tilcra of enhancing antibody* These titers increased 
pojlchullenge. A\ \ month postchuHcnge. the vaccinated and 
control animals had similar liters of complement-dependent 
enhancing antibodies. This .suggests thnt the higher EUSA 
response and broader neutralizing response of the DNA-vac- 
cinatcd animals was not accompanied by higher titer** of en- 
hancing responses (Tabjes 4 and 5), 

Postchallengt: CD4 ceil levels and mortality. Consistent with 
the failure to achieve long-term reductions in viral loads, all or 
the vnccinatcd animals exhibited steadily declining levels of 
colls (Fig, H). One of the control animal*; maintained 
steady CD4 ' levels despite an active SIV infection (Fig. 7 and 
fi: Tables 3 and 4). 



The trial was terminated at I year poslchaltcnge. At This 
lime, the three macaques in the gene gun -only group r»Hd one 
of the two control macaques (the one with the steady CD4" 
level) had succumbed to AIDS (Fig. 5). The second control 
monkey and the four monkeys in ihe muldple-route group did 
not have clinical signs of AIDS a I the time of euthanasia. 



DISCUSSION 

'Hie DNA vaccine raised botb CTI, and antibody responses 
but failed lo protect against The highly virulent undorted SJV- 
mnc25l challenge, Persistent CTL responses were raised, with 
easily detected levels of activity being present at the time of 
challenge (Fig. 6). Only transient tilers uf ncutralbing antibody 
were raised (Fig. 5). These failed to be boosted by the third 
cluster of inoculations and had fallen 1 0-fold by the time of 
challenge. The DNA-raised CTL and antibody responses did 
not prevent infection (Table 3). DNA-raised anamnestic re- 
spTrwes were evident in distinct pailernS of postdialiengc an- 
tibody responses in the vaccinated and control groups (Table 
4). Anamnestic responses mny have provided an early period 
of more effective virua clearance (Kig. 7 and Table 3) but failed 
to prevent the loss of CD4 1 cells (Fig. 8). The goal of future 
trials will be to improve this window of protection, 

CTL and antibody responses; similar temporal appearances 
but better persistence «f CTL response. Interestingly, the ki- 
netics of CTL and antibody responses were similar, whereas 
the persistences of these responses were different (Fig. 5 and 
ft). Both CTL and antibody responses appeared In some mon- 
key!) following the first cluster of inoculations and in all animals 
following the second cluster of inoculations. The early anli~ 
body respondent were also the curly CTL respondertr. Thm the 
raising of both antibody and CTL was concordant. However 
the ami- Env antibody responses were transient, while anti-F.nv 
CI*L responses persisted, This is consistent with different im- 
munological mechanisms supporting the long-term persistence 
of effector cells for antihody and CTL- 

The transience of ami* Env antibody responses In macaques 
is in keeping with an earlier H1V-1 DNA vaccine trial in mice 
(37). Transient antibody responses Have also been seen in mice 
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immunized wirh DNA expressing The circunwporowriie protein 
of nuUuriu (47). These trousiom humoral responses arc In 
com rust u» tliLi pcrslstcnl antibody responses seen in mice 
immunized with DNAs expressing ihc influenza virus hemag- 
glutinin una nuclcnproUsin (5X 55). the hepatitis B virus Jjur- 



facc antigen (41), the rabies vims glycoprotein G (71), and 
H1V-I CA (37). DNA-raised humoral responses to influenza 
virus HA und NP proteins also persist in African green roon- 
keys (14), Differences in the persistence DNA-raised re- 
sponds have been independent of the method of DNA inoc- 
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ulatinn (Fig. 5) (37, 55). Thus, the persistence of nntihedy 
appears to be a property of I he expressed antigen. 

The temporal persistence of CTL responses in this study 
docs not agree with the results of a prior study in BALB/c 
mice, in which aruihody responses appeared todown-rejjulate 
CTL responses (17), This difference may reflect differences in 
the regulation of T-helptT responses in macaques (an outbrcd 
population) and BALB/c mice (an inbred line). The differences 
could also be contributed to by tho more frequent use of boosts 
m the BALB/c mouse study. 

Ability nf DNA to prime broad anti-En v responses. The 
DNA vaccine primed for a broader neutralizing response than 
observed in most naturally infected animals (Tables 2 and 4), 
This mny reflect the use of a mixture of DNA-encnded Rnv 
proteins. Alternatively, this c«uld be contributed to by re- 



peated immunizations with smaJJ amounts of antigen (as ex- 
pressed by DNA), serving to broaden responses (23). 

The ability to use DNA to raise broad neutralizing responses 
is important to the development of an AIDS vaccine. Envelope 
glycoproteins of laboratory strains of HIV-l have been inef- 
fective at raising neutralizing antibody for patient isolates (for. 
a review, see reference 46), The ability to use DNA to raise 
neutralizing antibody will facilitate the evaluation of whether 
envelope sequences! or mixtures of envelope sequences from 
patients, can be used to raise cross-reactive neutializing activ- 
ity for primary isolates. 

Enhancing antibody. In addition to raising neutralizing and 
ELISA activities, the DNA inoculations elicited complement- 
dependent enhancing antibody (Table 5). The enhancing ac- 
tivity (which was present at the time of challenge) could have 
contributed to the failure of the vaccine to prevenl infection. 
By 1 month postchallenge, similar titer* of enhartring antibody 
were present in the vaccinated and control macaques (Table 
5). Therefore, the vaccine regimen did not prime for higher 
titers of enhancing antibody than raised by the natural infec- 
tion, One goal of future studies is to use DNA to evaluate 
whether thu deletion of enhancing Kequences in 6nv enn sup- 
port the raising of neutralizing, but not enhancing, antibody 
157). 

Enhancing umibgdies were scored on the ncutralization- 
suscepublc stock but not the challenge sioek. Enhancing assays 
on Ihc neutralization stock of SIV25L and molecularly cloned 
SIVmac23y (a diffieuh-to-ncutndizc virus) suggest that diffcr- 
eru van at us of SIVmac will not show the differences in fiuscep- 
libiliry to enhancing antibody that arc seen for susceptibility to 
neutralization activity (42). This may reflect a higher level of 
conservation of epitopes that rue targets for enhancement than 
i if epitopes that are targets for neutralization (57). 

Better CTL activity for Env than for Gag. All of the DNA- 
vaccinated macaques developed CTL for Env, whereas only 
two developed CTL for Gag (Fig, 6). This couJd reflect a 
difference In the levels of Gag and Env expression in the 
vuceinated macaques. All five of the vaccine DNAs expressed 
Env, whereas only one (51V239,dpoi) expressed Gag (Fig. 1), 
The difference In "the incidence of Env and Gag CTL could also 
reflect a higher proportion of SI V- infected macaques mount- 
ing CTL responses to Env than to Gag (64). 

DNA immu nidations: comparison with live attenuated vac- 
cinations. Our aim in undertaking this trial was to use DNA 
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TABUS 4, Neulrnlizmg wmi T-U5A HntibtKliea at 1 month pmtdmllcnjjc 
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" Values arc the rc-ciprwiil or the highoM dilution giving 50% neuirtlteatioo of 100 50% tissue culiurcs infective denca fur neutryliauion mxU of SJVrniu251 *ml 
5rv>mBA7», 

fr Titer of neutralizing antibody for 81Vmac25 1 divided by titer nf neutralising uniMy fur SlVfttiRSW. 

''Titer i>f EL1SA untibudjr for rccomHin;(p( S(V25l gpl 10. Titers urc the higticst reriprwal sewm dilulidn having nn nvtrnipc uh>ur+mnw: rending Ercmcr Own D I 
mill III Icllfl rwlec that of the mrjpiiivc cnntrul. 
''Ttitr of h«:ulr;dixinjK nnlihod}' for SlVmncZII diviilvd hy jlur *f HUSA uMihtidr Kir 51V25I yplllt. 



inoculations lo determine it they could provide the protection 
achieved by a live attenuated vaccine. Both tranxfcclcd and 
itifcciud cells express ;inligcns in cells, allowing access to cJilssj 
I rnnjor histocompatibility antigens. Proteins expressed by 
t'ran$ferted cells are like proteins expressed by infected cells in 
undergoing normal patterns nf glycosylatiotv The ability to use 
a mixture of 13NA* can be used lo mimic the mixture of viruses 
preffiint in an uncloncd virus challenge. 

Our results demonstrate that the DNA Inoculations and 
protocol used in this trial fell short of raising the responses 
achieved by live attenuated infections- First and foremost, the 
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UNA iiKuuihitions failed lo provide protect ton (Fig. H). How 
ever, vaccinations in this trial were conducted over a 6-month 
period (Fig. 4), whoroiw it is now known that live attenuated 
infections may require us long as I year to develop protective 
responses (13). Perhaps a longer period of DNA immuniwUiim 
would hnve supported the "maturation" of a protective re- 
sponse. The DNA vaccine was also unlike live attenuated in- 
fection* in failing to ruisc permuting titers of neutralizing anti- 
body (Fig, 5) (11). This failure may not have affected the 
outcome of the trial because prechallenge tilers of neutralizing 
antibody have not correlated with protection against the uji- 
cloned SIVmac251 challenge (12) (see the introduction). In- 
sufficient information Is available to compare the CTL re- 
sponses raised by live attenuated infections with those raise*! in 
this study (Fig. 6), In future trials we hope to be able to directly 
compare the eeli-mcdiatcd responses raised by DNA and live 
attenuated vaccines Uj learn how thcac differ, h is also possible 
that the persistent replication of a live attenuated vims raises 
suppressive responses that are not provided by DNA-buscd 
antigenic stimulation. 

Better survival In monkeys receiving vaccine DNA hy thrct 
routes of inoculation. The three monkey* in the g:ene gun-only 
group developed opportunistic infections (AIDS) prior lo iht 
termination of the trial, whereas the four monkeys receiving 
DNA by three routes did not (Fig. 8). This difference in sur- 
vival did not correlate with differences in antibody and CTL 
responses (Fig. 5 and 6), differences in levels of postchaJlcngc 
infection (Table ^t)rjJifTcrcneoR in the rates of CD4~ cell 
dedine (Fig. 8). %uiTtr^differencc tn survival could have 
bee n^due- to-chance; Alternatively, it might reflect gene yun 
and Sftlinc-vBcctnations having different consequences for the 
ability ofJnfected animals to resist opportunistic infccltuns. 

Dosing schedule. The current trial used a series of three 
clusters or DNA inoculations with intervening 8-week rest pe- 
riods (Fig. 4). In mice and rabbi ts\ longer rest periods (4 to 5 
months) have resulted in better booBting of anti-Env antibody 
(unpublished data), four- lo 5-month rest periods have also 
been found to enhance the effects of protein boosts in primates 
(3. 22). Also, we no longer use clustered inoculations, because 
they do not appear to have the marked effect on efficacy ob- 
served For clustered inoculations of low levels of protein "(15). 
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Thus, DNA-hnse<] immunization appears in obey minie, but 
not bIL of the principles which govern immunization wilh pro- 
tons. 

Atypical CD4* cell profile In one macaque. One of the twn 

control macaques maintained high levels of CD4 < cells dmphc 
an active SJV Infection (Fig, 8; Tabic? 3 and 4). Serological 
tests of this monkey were negative for simian T-cclI leukemia 
vitus.^ We do not understand thi* atypical preservation of 
CD4* cells or have a sufficient database to know how fre- 
quently this phenomenon occurs in SlVmaeZS I -infected ma- 
caques. 

Protection of a population as opposed to protection of the 
vaccinated individual. Historically, vaccination has protected 
the vaccinated individual against the development of disease 
However, vaccines have also protected populations by reduc- 
ing viral shedding. In this as well as prior trials, vaccines that 
have failed to prevent the development of diseusc have atten- 
uated the acute phase of infection (Tabic 3) (/, 20. 24, 28, 30. 
40), Vaccines that curtail the acute phase of infection reduce 
transmission by reducing the window of time in which an in- 
dividual had a high virus toad. AIDS vaccines that attenuate the 
acute phase of infection arc much more achievable ihnn vac- 
cines that prevent AIDS. These should he given serious con- 
AIDS li ° n P ° pulal,0ns cx P eriei ^ in e the rapid spread of 

Role of DNA In the future development of immunodeficiency 
rirus vaccines. The success with which DNA can raise antibody 
and CTL responses in monkeys shows that DNA is a viable 
addition to current approaches to AIDS vaccines <6o. 67; this 
study). Improvement in DNA-miscd immune responses should 
be easily achieved hy improvement* in vectors and vaccination 
protocols. Improved responses can also he nchieved by com- 
bining DNA priming with protein or recombinant viiccinlu 
virus boosts (reference 33 and diu»i not shown). On the basis of 
our current experience, our belief is thai DNA-hiiseU immuni- 



zations will support the development of a successful AIDS 
vaccine. 
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